Persistent deviation of real exchange rates from purchasing power parity (PPP) 
Introduction
Trade arbitrage should cause prices of the same goods to converge across countries when measured in the same currency. This is known as PPP. It implies a real exchange rate of unity. But deviations of the real exchange rate from unity are common and are persistent. Monetary and financial factors explain short-term volatility of nominal exchange rates. But since monetary factors are not expected to have long-term effects, the half-life of three to five years for deviations from PPP is a puzzle. Rogoff (1996) comes to the conclusion that the answer must lie in factors like transactions costs and other barriers that prevent perfect trade integration. But this is an ad hoc explanation. Moreover, while the degree of integration varies with time and the regime in place, the persistence in deviation from PPP has been a constant feature.
A less stringent version of PPP is relative PPP (RPPP). This allows a persistent deviation in price levels across countries, but requires nominal depreciation to equal the inflation differential so that the real exchange rate does not change. But even this is not empirically supported since there are persistent changes in the real exchange rate. Therefore it is worthwhile to explore if monetary shocks can affect the real exchange rate in the longer run.
One failure of PPP is the higher price level of an advanced economy (AE) compared to an emerging or developing economy (EDE) measured in the same currency. A well-known explanation for this puzzle, from Balassa (1964) and Samuelson (1964) (BS), is that although absolute productivity of AEs is higher in the production of all goods, the productivity gap is greater in traded goods. If wages are equalized across all sectors in each country, the price of non-traded goods such as services would be higher in AEs, pushing up the price level. Bhagwati (1984) explains the same facts by postulating higher capital intensity in AEs because of imperfect capital mobility. So in the absence of factor price equalization, wages are higher in AEs. This combined with relatively higher labour intensity in non-traded goods pushes up their relative prices.
But there is a second puzzle-although price levels are higher in AEs, inflation tends to be much higher in EDEs, over long periods, so it is not just a feature of wages rising to AE levels.
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We argue that large nominal shocks and structural features that make for their persistence can explain both puzzles, in the BS framework that distinguishes between traded and non-traded goods. In the PPP theories, real factors-trade arbitragedetermine the real exchange rate. But starting from the seventies, capital flows to EDEs became large and volatile. These shocks drove changes in the nominal exchange rate, as many EDEs moved towards more flexible exchange rate regimes.
When these interacted with aspects of structure, such as wage setting behavior, there were persistent effects, including on real exchange rates and on inflation. The second puzzle is explained.
We prove the standard BS result in a simple framework with equal rates of wage growth in both traded and non-traded sectors and then extend it by dropping the assumption that the price level is fixed in the EDE. Our extension allows for shocks such as nominal depreciation and rise in nominal wages, and explains the higher EDE inflation. We also show how a real wage target in terms of food prices can sustain inflation as nominal wages rise in response to a nominal depreciation. This differs from the standard result where changes in the relative money supply growth cause nominal depreciation. Under a floating exchange rate regime, capital flows can change the nominal exchange rate without any change in money supply, so that the nominal depreciation from an outflow is better analyzed as an exogenous shock. Then large capital flows that drive nominal exchange rates and interact with different types of wage rigidities can explain bouts of inflation in EDEs. This reverses the standard explanation that excess money supply causes both inflation and nominal depreciation.
Evidence from India supports the hypotheses. Following the international food price shocks in 2007, India had high food price and wage inflation. Exchange rate volatility was also high as a consequence of risk-on risk-off capital flows following the global financial crisis. We exploit State level wage data to test our hypotheses that nominal depreciation affects inflation through its impact on wages. The results show depreciation and food price inflation significantly and positively affect wages, thus supporting the role of external shocks and wage behavior as explanations of inflation, and validating the extended BS results derived. Although government employment insurance schemes were widely blamed for wage inflation, in regressions only food 3 inflation and exchange rate depreciation turn out to be significant. Aggregate demand variables also were not significant.
Policy implications are drawn out. For example, strategic use of exchange rate policy can abort a wage-price cycle in response to an external shock. Since monetary shocks have persistent real effects in the presence of real wage rigidities, macroeconomic policies have a critical role.
The remainder of the paper is as follows: After labour market equilibrium conditions presented in section 2, section 3 derives the basic PPP and BS hypotheses. Section 4 explores wage-price-exchange rate dynamics, section 5 tests the hypotheses with Indian data, section 6 draws out implications for policy, before Section 7 concludes.
The Model
Consider an emerging or developing economy (EDE) with two sectors producing traded (A) and non-traded (N) goods. Production comprises largely agriculture and services 1 ; production of other traded goods is negligible. Services are non-traded articles and agricultural produce is traded. If profit maximization equates nominal wages to the marginal product of labour (MPL) in each sector, then:
Nominal wages are W, prices are P, and a is the MPL, assuming a technology with constant returns. Subscripts A and N stand for the agricultural (traded) and non-traded sectors respectively 2 . These equations can be derived from Cobb-Douglas production functions under the assumptions that capital stocks are low enough to be neglected, or that the rental rate equals the world interest rate under perfect capital mobility. The assumption of equal factor intensities in the two sectors is made, without loss of generality, so the relative factor intensity term drops out (see Froot and Rogoff, 1995) .
Taking logarithms and differentiating, gives the two equations in rates of growth:
1 While this is a simplification in order to isolate the role of agriculture, the low share of manufacturing 2 The convention followed is nominal variables are in capital letters, real or log variables are small letters and rates of growth are denoted by a superscript dot.
Where N a  is the growth rate of marginal productivity, and represents inflation, with subscripts standing for each sector. With perfect labour mobility between the two sectors, nominal wages and their rates of growth must be the same, so that: 
Equating Equations 3 and 4, when rates of wage growth are the same across the sectors, we have:
Workers in one sector are able to extract a wage rise that exceeds own productivity but equals the wage rise in the other sector. Mobility equates wages but is not sufficient to equate productivity, so differentials in the latter persist. Since the population share in A is large, migration to N tends to occur only if it pays at least as much as A. Equation (3) holds but equation (4) does not since migrants from A to the N sector keep wages in N below the marginal productivity of labour in N. The inflation differential in the two sectors is then given by the productivity differential 3 .
3 If factor intensities differ, so that N > A , where is the labour share, the equation would become
. The relative price of traded goods would rise, or the real exchange rate While PPP holds in the A sector, prices in the N sector are set as a mark upon wages.
If A > 0, N would rise with nominal wages.
, the wage rise would be more than the productivity growth in non-traded goods, leading to aggregate inflation that exceeds A . A number of results follow from the basic framework of this section.
Derivations
Result 1 Since N increases with w  and the latter increases with A , all other prices respond to A . Therefore it determines the rate of inflation, in the economy, which will exceed would appreciate, even if relative productivity growth was equal. In a developing country equal factor 6 Unequal sectoral inflation affects the real exchange rate, Q, which is defined as the ratio of the prices of traded to non-traded goods. Q = P A /P N , so Q = SP* A /P N where S is the nominal or spot exchange rate giving the EDE currency in terms of the AE currency, and PPP holds in traded goods, that is, P A = SP* A 4 . PPP does not hold in the economy as a whole or Q 1 if P A P N . But RPPP also does not hold and Q changes or 0 q  if A N . Also note that since it affects P A , the nominal exchange rate S is a nominal standard, affecting other prices.
Proposition 1: The real exchange rate, Q, will be more depreciated in EDEs compared to AEs, providing an explanation for the PPP puzzle.
Proof: If agriculture is stuck at low productivity in an EDE, and the majority of the population is still in agriculture, . If nontraded good are a share of (1-) of the total goods, the relative price level or the real bilateral exchange rate for the two countries * N -N , can be calculated as:
intensities is a valid first approximation7 Although productivity growth is higher in the AE in both goods, the advantage is more in traded goods. It follows non-traded goods inflation will be higher in the AE and its real exchange rate more appreciated. This is the BS result.
The basic BS assumption is the productivity gap between AEs and EDEs is relatively higher in traded goods. That is:
This can be written as:
. These inequalities were used to prove Proposition 1.
If we bring in nominal factors by relaxing the normalization assumption that fixes agricultural price levels, we can explain why, even with the BS result, inflation will still be higher in the EDE:
Proposition 2: Inflation will be higher in an EDE, yet its real exchange rate, Q, will depreciate relative to an AE. Proof: Aggregate inflation will be a weighted average of inflation in traded and nontraded goods. Since A P continues to be normalized to unity,
. The inflation differential between the AE and the EDE is:
If the EDE currency is depreciating, so S is rising, or 0 s  , the negative term can exceed the positive productivity terms so that EDE inflation exceeds that of the AE.
Note: EDE inflation will continue to be above that in the AE even if 0 The BS result has been supported in tests involving very rich and poor countries, in countries like Japan, where agricultural prices play a key role, and for disaggregated OECD data when terms of trade, which pick up prices of consumer goods, are included (Rogoff, 1996) . Our analysis suggests that including wages and agricultural productivity may improve explanatory power.
Proposition 2 gave a key role to nominal depreciation and wage adjustment. Nominal shocks such as foreign capital outflows, drive nominal depreciation, and interacting with wage rigidities have persistent effects. We next see how a real wage target can imply a real exchange target. When nominal depreciation causes the real exchange rate to differ from this, sustained inflation can result.
Dynamics of the real and nominal exchange rate, wages and prices
External balance (EB) or equilibrium in the balance of payments is required in addition to goods market equilibrium or internal balance (IB) in an open economy 7 .
Adjustment to full internal and external balance normally requires a combination of a change in price (switching) and in demand (absorption). Expenditure-switching policy is so called since it shifts demand between domestic output and imports. The demand variable can be either the policy variable, government expenditure, or it can be domestic absorption (A, defined as the sum of domestic consumption, C, government expenditure, G, and investment, I) as a whole (Figure 1 ). The switching variable can either be the nominal exchange rate, in the short period where nominal prices do not completely adjust (Figure 1 ), or it can be the real exchange rate.
The schedule IB gives internal balance at full employment output, Y f . The schedule is downward sloping because depreciation and a rise in output both raise demand. So as one rises the other must fall to keep output at a given full employment level. Values 10 above the schedule generate inflation, as a more depreciated exchange rate and higher absorption raise demand. Those below the schedule generate unemployment.
Schedule EB gives external balance or the combinations of the two variables that yields an acceptable current account deficit (CAD) B of the balance of payments that sustainable capital flows can finance. For a given B, the current account worsens as the demand variable rises, while depreciation improves the CAD. So the curve slopes upwards. The CAD is lower than B above and higher below the EB schedule. 
Proposition 4: If q > q w then further rounds of inflation occur.
Proof: If the level of q equilibrating IB and EB is q , and it exceeds q w , q will tend to rise to reduce the CAD at any~ requiring a real depreciation. Capital outflows can induce such a depreciation of q. But if q > q w then p A is higher than that required by wage floor. Since the minimum wage is not attained, wages rise in an attempt to reach w . But as costs rise, so does p N , pushing q back towards q w . Any shock raising q to q again will sustain the process and inflation will continue. 
Differentiating this equation gives (7), after substituting
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The horizontal line at q w in Figure 1 shows the level of q satisfying the real wage floor. The level equilibrating IB and EB is q . If q exceeds q w , there exists a triangular region DBC, with unemployment and a CAD. If q exceeds q w , q will be in DBC and inflation will continue. The arrows show the direction of motion. Inflation is too high if q > q w , and the CAD is too large if Figure 2 shows the corresponding labor market equilibrium. The labor demand curve L d , corresponding to EB 0 , slopes downwards. Since it corresponds to EB 0 , it has absorption adjusted, given the level of q, to achieve a given current account. As q and p A rise, the real product wage in traded goods falls and labour demand rises. Labour supply rises with real wages, but wages cannot rise above the floor until full employment is reached; they cannot fall below the floor because of the wage target.
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This real wage rigidity prevents the effective use of price switching, and can keep the economy in the region of unemployment and a current account deficit.
Even if q w rises, the triangle can still exist, or other shocks can raise q , keeping the economy within the inflationary triangle. For example a fall in global demand shifts both the IB and EB schedules of in Figure 1 upwards, raising q .
Since a rise in absorption, such as a rise in government expenditure, makes the CAD worse, the economy may be stuck around B in Figure 1 , with large unemployment.
Output is demand determined below the IB schedule and limited by available labor supply above it. But even with unemployment there is inflation. So the AS derived for such an economy would be flat, because of unemployment, but subject to upward shifts because of the wage price spiral (Goyal, 2010) .
A key component of the type of inflation discussed in sections 3 and 4 is the effect of food price inflation and nominal depreciation on wages. High Indian inflation since 2007 was accompanied by high food inflation and episodes of depreciation. To the extent these affected wages it would support the existence of a real wage and exchange rate target, and suggest the framework above may help explain inflation in India.
Wages and inflation
Indian real wages for rural unskilled male labourers were constant over Bureau, Shimla, does not make the data freely available. Data for other macroeconomic variables sources were sourced from the RBI database. All the variables were deseasonalized, transformed into log values, and then year on year log differences were taken to get growth rates. Annualized growth rates were used-that is January 2009 over January 2008 and so on. All the variables were tested for unit root but were found to be stationary.
This period forms a perfect natural experiment. That, and the State panel,
compensates partly for the short length of the series. It was a period of sharp rise in food prices and exchange rates due to external and therefore exogenous shocks, and was also the period of nationwide implementation of MGNREGS. Three sets of regressions are reported in Tables 2 and 3 . Column 2, Table 2 reports the results of regressing wage inflation for all the States on the set of macro variablesindustrial growth, inflation and depreciation. Column 3, Table 2 reports the results of regressing average wage inflation across all States on the set of macro variables. 
Policy
The analysis implies the nominal exchange rate must be managed to prevent excess capital flow driven volatility. Exchange rate policy also has other uses. A nominal appreciation in response to a temporary rise in international traded goods prices can prevent such a rise from starting a wage price spiral that would otherwise sustain inflation as in Figure 1 11 .
Figure 5 graphs IB and EB curves which have a similar interpretation as in Figure 1 , but using the nominal exchange rate S as the switching variable and government expenditure G as the absorption or demand variable.
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In Figure 5 , the amount by which the nominal exchange rate has to appreciate to counter the change in P*, shows how much both curves shift downwards proportionately after a rise in P*. This amount is SΔP*/P*. The old equilibrium with the rise in P* and unchanged S will now be a position of excess demand and an acceptable CAD or a surplus. Domestic prices will tend to rise as a result. If inelastic intermediates dominate the import basket, depreciation will not improve the current account. The IB will shift further down, since goods market equilibrium will require S to appreciate, while the EB will shift out since the required rise in net exports may is risky although it allows investment to exceed domestic savings. A reversal of inflows due to an external shock can cause a sharp depreciation. Rising productivity increases the level of inflows that can be safely absorbed at a reasonable CAD.
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Short-run policies work only for a temporary shock. A permanent shock requires a productivity response. The fundamental reason for chronic supply side driven inflation is that target real wages exceed labour productivity, so the solution is to raise worker productivity. A rise in productivity of nontraded goods ) 0 ( N a  can shift up the target real exchange rate, so the wage target can be satisfied at a more depreciated exchange rate. It increases the real wage and exchange rate compatible with low inflation, thus breaking the propagation mechanism.
Higher agricultural productivity ) 0 ( A a  is especially important because food prices are an inflation trigger. The nominal exchange rate can appreciate with a rise in agricultural productivity, bringing the real exchange rate closer to the target real exchange rate and closing the inflationary gap between them.
Conclusion
Trade arbitrage should imply goods cost the same across two countries in the same currency, thus fixing the real exchange rate. But there are large deviations from this purchasing power parity exchange rate. This is the first puzzle. One resolution brings in nontraded goods. BS showed then that the price level is higher in AEs. But a second puzzle is that inflation is consistently higher in EDEs. We provide a new proof of the standard BS result in a simple framework and then extend it by dropping the assumption that the price level is fixed in the EDE. Our extension reconciles the BS result with higher inflation in EDEs and persistent deviations in the real exchange rate.
Shocks such as nominal depreciation and rise in nominal wages, explain the higher EDE inflation. We also show how a real wage target in terms of food prices can sustain inflation as nominal wages rise in response to a nominal depreciation. The result is particularly relevant as large capital flows drive exchange rates and interact with different types of wage rigidities in EDEs today. Inflation is normally associated with excess money creation that also drives nominal depreciation. The paper shows external shocks can cause inflation independent of changes in money supply.
21
Empirical evidence that food inflation and nominal depreciation affected wages during India's high inflation episode after 2007, supports the framework developed.
Neither aggregate demand variables nor MGNREGS had a significant effect on wage inflation. The dataset had the advantage of external shocks cutting through possible endogeneity but the results need to be confirmed with a larger data set which will make it possible to use a larger set of instruments and other control variables.
Independent estimates of productivity growth in the two sectors will also help.
Implications for policy include managing the nominal exchange rate to prevent excess capital flow driven volatility. Exchange rate policy can also be used to abort external price shocks that can otherwise set off a wage-price spiral. In the longer-term, of course, improvements in productivity are required that remove the shortfalls in actual from target wages and the gaps between target and equilibrium real exchange rates that otherwise tend to sustain inflation.
